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The paper presents the results of asymmetrical plate rolling in the finishing rolling stand of a 3600 mill. The investi-
gation was carried out for S690Ql steel sheets. Tests were conducted for two types of the asymmetric rolling process. 
In the first case, the asymmetry of the process was introduced by varying the speed of the upper working roll, while 
in the second case, two types of asymmetry were introduced simultaneously by reducing the rotational speed of the 
upper roll and reducing the diameter of the lower roll. Based on the obtained results it has been found that the si-
multaneous introduction of two types of asymmetry significantly reduces the energy-force parameters of the pro-
cess, and regardless of relative deformation applied, it yields also a straight rolled plate.
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INTRODUCTION
Recent years have seen an increase in demand for 
plates [1,2]. Therefore, intensive studies are being con-
ducted to improve the plate rolling process. The effect of 
various parameters, such as strip temperature, reduction 
magnitude, variations in the yield stress magnitude for 
individual steel grades, working roll rotational speeds 
and diameters, on both the geometrical parameters of 
plates, as well as their mechanical and plastic properties, 
is being examined [3]. The objective of the conducted 
studies is to determine the relationships between indi-
vidual technological parameters of the rolling process, to 
establish the optimal rolling conditions and to improve 
the quality of manufactured products. The stabilization of 
product geometry can be achieved by using appropriate 
rolling process control system, as well as by introducing 
an asymmetric rolling process. By employing a con-
trolled asymmetric rolling process, one can contribute to 
a reduction of the overall roll separating force and rolling 
power and provide a uniform distribution of moments on 
both mill spindles, which will result in an improvement 
in the crosswise and longitudinal geometry of the rolled 
plates [4,5]. This technology can be classified as an in-
novative way to improve the quality of steel products [6]. 
The asymmetric rolling process has also its drawbacks. 
Due to the difference in metal deformation conditions ex-
isting between the upper and lower working roll sides, 
bending of the strip on exit from the deformation zone 
takes place. The magnitude of the strip curvature depends 
on the employed deformation and the value of the applied 
asymmetry factor, as well as on other rolling process pa-
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rameters [7]. Therefore, implementing the asymmetric 
rolling technology in industrial conditions will require a 
series of theoretical studies to be previously carried out in 
order to determine the permissible ranges of asymmetry 
factor variation for specified values of deformation and 
other process parameters, for which it is possible to ob-
tain a straight strip with a curvature small enough that it 
will not hamper the rolling process in subsequent rolling 
passes, while simultaneously reducing the energy-force 
parameters of the process. 
All of these effects can be achieved by using two 
types of asymmetry simultaneously.
TEST MATERIAL 
AND TESTING METHODOLOGY
Within this study, tests on plate of S690Ql grade 
steels (whose chemical composition is shown in Table 
1) with an initial height of h0 = 15 mm were carried out 
under the conditions of the finishing mill of the 3600 
rolling mill.
Table 1  Chemical composition of S690Ql steels used for 
tests / wt. %
C Mn Cr Ni Mo Nb
0,2 1,7 1,5 2,0 0,7 0,06
Ti Cu N Si Pmax Smax
0,05 0,5 0,015 0,8 0,025 0,015
For simulation of the asymmetrical rolling process, 
the FORGE® 2011, a finite element method-relying 
software application, was used. Working rolls, each of a 
of 970 mm, and a constant lower working roll rotational 
speed of n = 80 rpm were assumed for the numerical 
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studies. One and two asymmetry types, respectively, 
were introduced to the rolling process. The first type of 
asymmetry was achieved by differentiating the rotation-
al speeds of the working rolls so that the upper roll rota-
tional speed was lower than lower roll rotational speed. 
The range of variations of the roll rotational speed fac-
tor, av = vd/vg (where: vd, vg - respectively, lower and 
upper roll rotational speed) was 1,05 ÷ 1,20. The second 
type of asymmetry was introduced by reducing the low-
er working roll diameter, ad = Dd/Dg (where: Dd, Dg - re-
spectively, the lower and upper roll working diameter); 
it was contained in the range of 1,05 ÷ 1,20. The tests 
were carried out for av=ad=a. During rolling, the relative 
deformation was varied in the range ε = 0,10 ÷ 0,30. 
Simulations were conducted for feedstock at a tempera-
ture suitable for normalizing rolling, i.e. 840 °C. The 
rolling programme included the examination of the ef-
fect of relative rolling reduction ε, speed asymmetry 
and geometrical asymmetry factors on the force–energy 
parameters of the rolling process.
TESTING RESULTS
Figure 1 illustrates the results of the numerical stud-
ies of the effect of relative rolling reduction on the mag-
nitude of the average roll separating force, Pu, for differ-
ent values of kinetic asymmetry factors, a, and a con-
stant value of initial feedstock height of h0 = 15 mm. 
The data in Figure 1 shows that the introduction of 
asymmetry by differentiating the rotational speeds of the 
working rolls results in a reduction of the average roll 
separating force for the entire examined range of relative 
deformations ε and values of asymmetry factors, a. The 
greatest reduction of the average unit roll separating 
force – by approx. 25 %, was observed upon employing 
relative deformations from the range of ε = 0,20 ÷ 0,30 
and asymmetry factor values of a = 1,15 and 1,20. 
Figure 2 illustrates the effect of relative deformation 
ε of the magnitude of the average roll separating force 
Pu, for feedstock with an initial height of h0 = 15 mm. 
Based on the data shown in Figure 2 it can be stated 
that by the simultaneous use of two types of asymmetry 
in the rolling process, a reduction in the unit roll sepa-
rating force can be achieved for all of the examined 
relative deformation values. However, as compared to 
the process of rolling with one type of asymmetry, the 
decrease in roll separating force was smaller, amount-
ing to 10 % for the largest values of preset relative de-
formation and asymmetry factors applied.
The effect of relative deformation in the asymmetric 
process of rolling feedstock with an initial height of h0 
= 15 mm (with one asymmetry type – geometrical 
asymmetry) on the magnitude and variations of rolling 
moments for the upper and lower working rolls and the 
total rolling moment is represented in Figure 3.
Based on the tests carried out it was found that by 
introducing the asymmetrical rolling process different 
values of rolling moment on the upper roll, Tu, and on 
the lower roll, Tl, can be achieved. An increase in the 
total rolling moment occurs with the increase in the pre-
set values of relative deformation and asymmetry fac-
tors. Depending on the value of the employed asymme-
try and the remaining rolling process parameters, an 
uneven distribution of moments between the lower and 
higher rotational speed rolls takes place. From the data 
shown in Figure 3 it can be found that the moment on 
the higher rotational speed roll (lower roll) is always 
positive. This roll is always a driving roll. The rolling 
moment of the lower rotational speed roll (lower roll) is 
negative, except for cases, where the asymmetry factor 
value is av = 1,05, and the relative deformation value 
varies in the range of ε = 0,2 ÷ 0,3. For these values, the 
rolling moment on the upper roll takes on a zero value 
and then becomes positive. In the case of negative roll-
ing moment values, this roll becomes a powered roll. 
The increase in rolling moment values and their une-
ven distribution onto individual rolls should be ranked 
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Figure 1  The effect of relative deformation ε on the value of 
the average pressure Pu, for different values of kinetic 
asymmetry factors, a
Figure 2  The effect of relative deformation ε on the value of 
the average roll separating force, Pu, for different 
values of kinetic and geometrical asymmetry factors, 
a; da – denotes the use of two types of asymmetry
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After introducing the two symmetry types (kinetic 
and geometric) to the rolling process, the even distribu-
tion of the rolling moment values on the upper and low-
er working rolls was restored, and in addition to that, 
the total rolling moment was smaller by approx. 10 % 
compared to symmetric rolling for the greatest asym-
metry factor values.
Figure 4 represents the effect of relative deformation 
ε on the value of rolling power Pr, for feedstock with an 
initial height of h0 = 15 mm, rolled with different values 
of kinetic asymmetry factors, a.
The data in Figure 4 shows that the application of 
kinetic asymmetry in the rolling process results in an 
increase in rolling power for the entire examined range 
of variation of relative deformations, ε = 0,1 ÷ 0,3, and 
asymmetry factors, a = 1,05 ÷ 1,20. The greatest incre-
ments in rolling power occurred for relative deforma-
tions from the range of ε = 0,10 ÷ 0,15 and the largest 
values of asymmetry factors, a 1,15 ÷ 1,20.
Figure 5 shows the results of the examination of the 
effect of relative deformation ε on the value of rolling 
power Pr, for the process of rolling feedstock with an 
initial height of h0 = 15 mm with the simultaneous use 
of two different types of kinetic and geometrical asym-
metry. 
It can be found from the data in Figure 5 that intro-
ducing the two types of asymmetry to the rolling pro-
cess has brought about a considerable reduction of the 
rolling power value. The largest reduction has been 
achieved for relative deformations ε > 0,2 and asym-
metry factors a ≥ 1,15.
SUMMARY
The investigation carried out within the study ena-
bles the following conclusions to be drawn:
-  upon introducing one type of asymmetry to the roll-
ing process, a reduction in the value of unit roll sep-
arating force can be achieved, but at the same time, 
in the majority of cases, a bending of the strip begin-
ning follows, which is an adverse phenomenon, as 
the strip gets a permanently deformed (wavy) shape, 
which cannot be removed; moreover, if the strip 
bends towards the lower roll, fast wear of the mill 
equipment and working roller table rollers may oc-
cur;
-  during rolling with one asymmetry type, an increase 
in rolling moment values and their uneven distribu-
tion onto individual rolls take place, which may lead 
to exceeding of the permissible moment values;- in 
the asymmetric process with one type of asymmetry, 
also rolling power considerably increases;
-  upon applying two types of asymmetry to the rolling 
process, a smaller reduction in the value of the aver-
age roll separating force occurs, compared to rolling 
with one asymmetry type, and at the same time, a 
straight strip is obtained for all of the technological 
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Figure 3  The effect of relative deformation ε on the rolling 
moment values Tu and Tl, for different values of 
kinetic asymmetry factors, a
Figure 4  The effect of relative deformation ε on the value of 
rolling power Pr, for different values of kinetic 
asymmetry factors, a
Figure 5  The effect of relative deformation ε on the value of 
rolling power, Pr, for different values of kinetic and 
geometrical asymmetry factors, a; da – denotes the 
use of two types of asymmetry
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-  in the process of rolling with two types of asymme-
try, the distribution of rolling moments among the 
working rolls is uniform, and the total moment is 
lower than in the symmetrical process; 
-  the simultaneous application of kinetic and geomet-
rical asymmetries in the rolling process contributes 
to a reduction of rolling power, compared to the 
symmetrical process, for the identical process pa-
rameters.
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